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E072/ST-HM – A DYNAMIC MAINTENANCE STATEGIE TO MEET THE 
REQUIREMENTS OF THE LHC INSTALLATION  
 
O. Boettcher 
Abstract 
The new ST-HM contract E072 for the maintenance of transport and handling equipment is 
designed to obtain the high operating reliability as required for the LHC installation and to 
respect the situation of limited resources at CERN at the same time.  
The contract is based on a dynamic maintenance strategy. It contains a flexible maintenance 
contingent that is essential to prepare the equipment for extremely important and critical 
utilization phases that will come up during the LHC installation. Due to very little utilisation 
and non-strategic importance of approximately 80% of the whole inventory the preventive 
maintenance service will be reduced to a minimum. In order to convert this strategy into 
practice it is necessary to establish well-defined interfaces between the users that realise the 
project schedules and the maintenance service.  
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1 INTRODUCTION 
This paper describes the strategy of contract E072/ST that was put in place in October 2002 by ST-
HM to deliver maintenance service to CERN’s transport and handling equipment. The strategic 
elements of this contract are the high grade of result orientation), the level of the contractors’ 
responsibility for the maintenance program and the dynamic aspect to deliver special service in 
order to prepare the equipment for very intensive use.   
 
2 DESCIPTION OF THE CONTRACTUAL RESULTS 
To define the expectations for a service is one important element of delegating work. The better the 
expected results had been described in the technical specification, the easier it is for the contractor to 
organise the realisation of outsourced work. (The relation between result definition and partnership 
management within outsourcing had been already discussed in ST Workshop 2001 –Ref. [1]).  
Specifying results is not a very easy job. Norms might help in many cases, but for specific 
needs it is important to describe the results by ones own. In the following there are some examples 
how results had been described in E072/ST.  
 
2.1 General description of the requested service  
Maintenance services are well defined and categorized in the French norms NF X60-010. The 
categorization of Maintenance Service Levels (MSL) was very helpful to describe generally what 
services should be delivered.  
 
MSL 1 2 3 4 5 
Description Auto-maintenance 
 
- Cleaning, 
adjusting 
- Controlling 
by standard 
preventive 
interventions 
Preventive + 
Corrective  
Maintenance 
- Changing 
standard spare 
parts etc. 
 
Diagnosis + 
Analysis 
 
- Advanced 
interventions 
for analysis 
and 
diagnostics 
 
Improvement 
works 
 
- Modifications 
- Standard 
updating and 
upgrading 
 
Renovation, 
modernisation 
works 
- Specific 
reparation 
works on  
 
E072/ST Yes Yes Yes Yes Option 
Table 1: Used definition of Maintenance Service Levels (MSL) in NF X60-010 
 
2.2 Description of the intensity for the requested maintenance service  
Due to the fact that nearly 80% of our equipment is not strategic for the LHC installation neither for 
other important projects of CERN it made sense to create priority classes and to categorise every 
equipment that should be maintained.  
With this classification it was possible to precise the intensity of the requested service and the 
performance indicators as it is shown in the following tables. The service intensity was described 
briefly in free words. Performance indicators are standard in the industrial services so common 
definitions could be used.  
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Definition of classification Description of maintenance service  
“The Contractor shall provide a maintenance program that 
guarantees…” 
“Priority 1” includes all equipment 
that is used very frequently  
(> 28 hours per week). 
… heavy use, detailed information about running condition, 
wear and overall situation constantly updated and supervised 
during work periods.  
“Priority 2” includes all the 
equipment that is frequently used  
(> 4 hours < 28 hours per week). 
… normal operation. The equipment condition shall be 
documented. Priority changes to priority 1 have to be taken 
into consideration.  
“Priority 3” includes all the 
equipment that is used less frequently 
(< 4 hours per week). 
… general readiness, conformity to safety regulations and 
prevention of corrosion with a minimum program. The 
equipment condition shall be documented. Priority changes to 
priority 2 have to be taken into consideration. 
“A tailor-made maintenance plan must be drawn up for all equipment by taking into account the 
equipment characteristics and priority classification as it is described in this table.” 
Table 2: Table used to describe the intensity of the requested maintenance service 
Performance indicators  
 
The Contractor is asked to deliver a maintenance service in accordance with the priority classification 
of the equipment as described below. 
 
For fixed equipment: 
MTBF (in hours), defined as runtime of an equipment between two failures.  
MTTR (in hours), defined as time between breakdown announcement and end of repair work.  
AVAILABILITY (in %), defined as MTBF / (MTBF + MTTR) . 
 
Priority 
Class 
MTBF 
(hours) 
MTTR 
(hours) 
AVAILABILITY 
(%) 
1 450 4 99 
2 450 8 98 
3 240 12 95 
 
For mobile equipment: 
                                                  n° of operative equipment 
AVAILABILITY (in %)  =  -------------------------------------- x 100 
    n° inventoried equipment 
MTTR (in hours), defined as time between announcement of urgent repair and end of repair work.  
 
Priority 
Class 
AVAILABILITY 
(%) 
MTTR 
(hours) 
1 90 4 
2 90 8 
3 75 12 
 
 
Table 3: Table defining the performance indicators 
As we will see it later the definitions of service intensity and performance indicator had been 
essential for the strategy of the contractors bid. The classification allowed diversifying the services. As 
a result this strategy economized 20% of the contract volume compared with the previous contract that 
did not take in consideration that big parts of the equipment are use very little.  
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3 CONTRACTORS’ RESPONSIBILITY FOR THE MAINTENANCE PROGRAM  
Based on the description of the maintenance service intensity and the definition of the priority 
classification the contractor had to establish a complete maintenance program for the whole 
equipment. For this inventory and calculation tables had been created and added to the annex of the 
contracts specification. In the following paragraphs parts of these tables are explained.  
3.1 Presentation of the inventory 
The inventory lists present the items for that maintenance service had been requested. Important 
information for the bidders was the priority fixed for every item.  
The inventory of the overhead travelling cranes (equipment code “HHLPR”) for example 
defined 50 cranes as priority 1, 136 cranes as priority 2 and 131 cranes as priority 3. The whole 
inventory consisted of 10 lists due to 10 different equipment families describing about 800 items that 
need to be maintained by preventive and corrective interventions.  
 
 
 
 
 
 
 
Table 4: General design of the inventory lists – giving the priority 
3.2 Establishing the maintenance program 
For comparing the different strategies for the maintenance program established by the bidder, we 
asked to complete the tables 5 and 6 shown below.  
 
 
Table 5: Table to define the preventive maintenance program 
The bidder defined the different routines for the preventive maintenance service gave additional 
information concerning time estimate and prices (table 5 - grey fields). With this table the bidder 
decided how many resources are needed to maintain a priority 1, 2 or 3 crane in the first year (see 
circled values).  
The examples shows the maintenance program of a bidder that proposed to make 1 small 
intervention on priority 3 cranes, 1 big intervention on priority 2 cranes and 2 small, 1 big on each 
priority 1 crane. In addition to this he decided to realise an analysation routine on every third priority 1 
crane.  
In the same way the bidders had to describe the maintenance program for the complete 
equipment and for the second and third year of the contract. 
No.
Routine Codes (MSL 
1 - 4)
Time 
estim. 
(h)
Price 
(kCHF)
No. of 
Interv.
Total 
price 
(kCHF)
No. of 
Interv.
Total price 
(kCHF)
No. of 
Interv.
Total price 
(kCHF)
1 PR No. 2 7.5 0.270 2 0.540 0.000 1 0.270
2 PR No. 3 15 0.540 1 0.540 1 0.540 0.000
3 PR analzse 21 0.763 0.33 0.252 0.000 0.000
Total Budget for prev. 
maintenance (per year and 
equipment item of priority 
1, 2 or 3)
av./h 0.036 3.33 1.332 1.00 0.540 1.00 0.270
List 1 - Overhead travelling cranes Service proposed first year for EP(1)Priority 1 Priority 2 Priority 3
             
Pos. Equipment 
code 
Description Building Manufacturer Construction 
year 
Span 
m 
Lifting 
height 
m 
Load 
Capacit
y T 
supplementar
y hoisting 
gear 
FEM Class 
MECANISM 
Remarks Priority
1 
HHLPR-
0049 Pont bipoutre THOMAS 10T M100 THOMAS 1995 10 4.96 10   M5 
 1 
124 
HHLPR-
0575 
Pont monopoutre DEMAG 7.5T 
(BàB) P927 DEMAG 1985 18 5 7.5   1Bm 
 2 
214 
HHLPR-
0197 
Pont bipoutre SOCOCER 20T 
(BàB) M925 SOCOCER 1981 4 22.52 20   2m 
 3 
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The budget for a one years program of each equipment class had been transferred to a 
calculation table shown in table 6 (circled values are similar to circled values in table 5).  
 
 
Table 6: Calculation table to fix the yearly budget for items that need preventive and corrective maintenance  
These values are multiplied by the number of items so that we get the budget volume for 
preventive maintenance. In the next step the bidder got to specify the budget volume for corrective 
maintenance (grey column on the right). In the end the calculation table presents the whole budget 
volume for one year maintenance program. 
4 DYNAMIC ASPECT  
Due to the fact that nearly 80% of our equipment is not strategic for the LHC installation neither for 
other important projects of CERN we easily loose resources if we just do the maintenance service 
demanded by the constructors, because their maintenance program bases on normal and frequent 
utilisation.  
On the other hand we have equipment that is very strategic for CERN projects and runs a lot. 
This equipment maybe has to be maintained more intensive than foreseen by the constructor. Service 
has to be delivered very flexible respecting the situation of equipment age, operation intensity etc. in 
order to deliver high reliability and availability.  
 
 
Table7: Exemple cranes – 23% of preventive maintenance resources can be used flexible  
The dynamic aspect in the contracts strategy is a consequence of the high service intensity 
requested for priority 1 equipment. The bidders calculated more service than principally necessary 
(see table 7 – grey fields). With this we get a certain service capacity that is flexible and can be 
concentrated to the operational needs (circled values).  
 
(reference Annex F) Priority 
Class
 Number 
items
Prev. Maint. 
per item 
(kCHF)
Prev. Maint. per 
priority (kCHF)
Intervention
s planned
Corr. Maint. per 
priority (kCHF)
Corr. Maint. 
(h)
1 50 1.332 66.584 166.5 3.200 88.9
2 136 0.540 73.430 136.0 4.800 133.4
3 131 0.270 35.365 131.0 5.600 155.6
List 10 - Monorail - Switches, 
Rail
2 39 0.100 3.500 39.0 0.600 1.7
Number of items 841 233.820 1246.6 23.829 809.6
List 1 - Overhead Travelling 
Cranes
Priority 1 Priority 2 Priority 3
Routine Codes Time estim. (h)
(Intensive 
Utilisation)
(Normal 
Utilisation)
(Low 
Utilisation)
PR No. 2 7.5 2 1
PR No. 3 15 1 1
PR analyse 21 0.33
50 136 131 Total (h) %
750 2040 982.5 3772.5 77
1096.5 1096.5 23
4869 100
Prev. Service 
No of Cranes
Total (h)
Flexible resources (h)
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5 CONCLUSION 
As the new contract has been put in place for 6 months now, it is to early to present the described 
strategy as successful from the technical point of view respecting the maintenance performance. It will 
take at least 1,5 to 2 years up to the moment we can see results of improved service quality. Even the 
results we will receive in future will not prove that the contract strategy was responsible for the 
success.  
Nevertheless the described strategic elements of this contract changed already quite a lot. The 
high grade of result orientation can be named as a reason why the contractor is now more aware of 
the priorities. The mission is clearly understood and resources and energies are concentrated on 
priority 1 equipment and the needs of the actual installation projects.  
The improved contractors’ responsibility for the maintenance program did clarify the roles 
between the CERN and the contractor. The contractor the responsible to realise the program how 
offered and has to respect the budgetary limits. The CERN is client and concerning the preventive 
maintenance interventions, no longer in the role to control the efficiency of the service.  
The dynamic aspect gives us the possibility to invest additional resources on special demand. 
This well regarded client’s service and can be essential due to the fact that half of CERN’s lifting 
equipment is already out of the life circle and needs special service when good reliability is demanded.  
But there are also important elements that still have to be improved. The Interfaces and 
communication to the users of our equipment could bring more information about actual priorities. 
The attitude of proactivity finds more respect so that we are more aware of problems that could come 
up with certain equipment in the future. The result orientation should be developed and become more 
common sense. This would still economise resources, improve the flexibility and would direct to more 
satisfaction to everyone connected to the service.  
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